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(54) An expandable endovascular stent 

(57) An expandable endovascular stent comprises 
a flexible, tubular body (1) fonned by Interconnected, 
closed frame cells (2). Inthe expanded state of the stent, 
two mutually converging Interconnected second cell 

sides have a point of Interconnection which points In the 
longitudinal direction towards a point of interconnection 



between two mutually converging first cell sides of said 
cell. A first angle (a) between said first cell sides and 
facing Into the cell is in the range of 20-1 20^ A second 
angle (p) between said second cell sides and facing into 
the cell Is in the range of 21 0-320*. The body is fomned 
from a thin-walled tube or a thin-walled piece of plate In 
which the cell openings are fashioned. 
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Description 

[0001 ] The present Invention relates to an expandable endovascular stent comprising a flexible , tubular body with 
a longitudinal axis, the wall of which is fonned by interconnected, closed frame cells arranged with at least two cells 

5 adjacent to each other in the circumferential direction, theframe cells having at leasttwo elongated, mutually converging 
cell sides the body including filament-shaped frame material capable of transmitting compressive forces in the axial 
direction of the filament extending continuously from one frame cell directly into the frame cell following in the longitu- 
dinal direction, which stent is expandable from a radially compressed state into a state having a larger diameter. 
[00021 Such a stent is known from Gemian patent No. 33 42 798. where the frame cells are formed by sets of wires 

10 extending helically through the body at opposite winding directions. The frame cells are rhomboidal, and the stent 
length changes substantially at the expansion, which gives rise to several disadvantages, one being that it is difficult 
to position the stent accurately, another that the insertion system is complicated. 

[0003] US patent No. 5,370,683 describes a stent fonned from a single filament which is wrapped around a mandril 
in a wavy course having alternating short and long, elongated pieces of filament, whereupon the filament is arranged 

15 in a helical course with the wave troughs mutually aligned. Then the wave troughs have been interconnected to form 
rhomboidal frame cells having a pair of opposite short cell sides and another pair of opposite long cell sides. Among 
other things, this stent is distinguished in being capable of compression into a radially compressed state without the 
stent ends having to be pulled apart. The stent can be arranged in a catheter in a radially compressed state and be 
inserted and positioned at the desired site in a lumen, such as a biood vessel, whereupon the catheter can be pulled 

20 away and the stent be expanded by means of an inflatable balloon arranged inside the stent. It is a disadvantage of 
the stent that it has relatively poor bending flexibility, as this reduces the adaptability of the stent to the supported, 
flexible vessel. Nor is it an advantage that the cells of the stent are relatively open and thus more exposed to fibrous 

in-growth into the inner lumen of the stent. . ^ , 

[00041 In a stent known from EP-A B45125 a tubular stent body is also formed from a single angulariy bent filament 

25 wound in a spiral shape with the apexes hooked Into each other to form rhomboidal cells. Because the apexes are 
only hooked into each other, there is a risk of compression of the stent in the longitudinal direction if it is pushed out 
of the catheter The two ends of the filament are returned through the stent body in a spiral course, but do not remove 
the risk of longitudinal changes in the part of the stent which is expanding outside the end of the catheter. It may, 
therefore be necessary to pull the stent out of the catheter by means of a pulling devtee passing centrally through the 

30 stent body and restricting its compression inside the catheter. The flexibility of the stent at bending is also relatively 

poor, and the cells are very open. , j. 

[0005] A number of different stents of anothertype is also known, in which the cell material does not continue directly 
from one frame cell to the following one in the longitudinal direction. Instead, this type of stents is constructed from 
several Z-shape-bent wires joined into atubularbody by means of connecting threads or being hooked into each other, 

35 vide EP-A 622088 EP-A 480667. W093/13825 and EPnA 556850. All these stents are of limited bending flexibility and 
some of them are very complicated to manufacture. The connecting threads for joining the-Z-bent. resilient frame 
material limit the expanded stent diameter, but yield completely to axial pressure. This results in the substantial disad- 
vantage that impacts on a cell are not transf en-ed to the cell following In the longitudinal direction, so that the stent has 
discontinuous properties, can open up and will exhibit breaks at bending. 

40 [0006] Stents constructed from wires wound about each other to f onn closed cells are known from DE-A 39 1 8 736 , 
where the cells are elongated or Q-shaped. and from WO94/03127 where the cells are oval in the circumferential 
direction. 

[0007] The object of the invention is to provide a stent whteh can be compressed and expanded radially without any 
substantial change of the length of the body, and which has a frame structure providing the stent with a higher, uniform 
45 bending flexibility and thus higher vascular adaptability. It is f urthemnore an object that the stetit also has a compressive 
strength which is suitably high and adapted to the application in question. 

[0008] In view of this, the stent according to the invention is characterized in that In the expanded state of the stent, 
the pressure transmitting frame material in several of the frame cells fomis a heart-like or arrowhead-like shape with 
two interoonnected shorter cell sides posittoned opposite and connected with the two mutually converging^longer cell 
50 sidGS 

[0009] In the heart-like or arrowhead-like shape, the point of interconnection between the two shorter cell sides points 
towards the point of interconnection between the two longer cell sides of the same cell. Among other things, this 
provides the considerable advantage that when the centre axis of the stent is bent, the cells are def omied on the outer 
side of the cun/ature so that the angle facing into the cell between the two shorter cell sides becomes smaller, and the 
55 cells become more open with a larger cell length. This may occur at a very small bending moment, because the cells 
can expand without simultaneous contraction of the surrounding cells. The smaller angle between the shorter cell sides 
at the same time increases the stresses thereof directed in the circumferential direction and counteracts the reduction 
of the radial compressive strength of the stent on the outer side of the curvature generated by the lower ceil density 
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here The high bending flexibility of the stent and its ability to maintain considerable radial compressive strength even 
at a sharp curvature of its longitudinal axis provide the stent with a large vascular compatibility, pemiit positioning of 
the stent in areas with vascular curvatures or other vascular variations and presumably counteract long-term damage 
to the vascular wall caused by the inserted stent. 
5 [0010] The many closed cells give the stent evenly distributed unifomri properties, and the cell shape or cell shapes 
are relatively dense, which counteracts re-stenosis or other lumen reduction of the vessel. 

[0011] At radial compression of the stent, the longer cell sides fold together about the shorter cell sides. At full 
compression about a guide wire, the stent has a configuration where the cell sides are packed tightly about the longi- 
tudinal axis of the stent and extend substantially in parallel with it. This provides an advantageous possibility of post- 

10 tioning the stent in a catheter with a small internal diameter. A stent with a diameter of 8 mm may. for example, be 
compressed for positioning in a catheter with an internal lumen of 7 French (about 2.3 mm). 
[0012] With a suitable choice of the stent material, the stent may be self-expanding when the catheter is removed 
following insertion of the compressed stent. The self-expanding capability is mainly obtained owing to the bending 
stresses occurring at the bending of the cell sides near their ends. The result of the frame cell shape is that bending 

15 normally occurs at six points in the cell contrary to the four points in a rhomboidal cell, and thus the stent can have a 
more uniform and finer distribution of the expansion forces. Altematively, or in supplement, the stent may be expanded 
by means of an inflatable balloon. The self-expanding stent need not be compressed radially about a balloon, and 
therefore during insertion it may be positioned in a thinner catheter. 

[0013] At the folding together of the frame cells, the cell sides of a cell are laid down into the neighbouring cells 

20 without having to displace them in the longitudinal direction of the stent. This means that at the change between the 
folded together and the expanded state, the stent has substantially unchanged length apart from a negligible change 
in length at the end of the stent where the cell sides are not laid down into following cells. The stable length is advan- 
tageous when positioning the stent, as it can be positioned accurately in the vasoconstriction. before release. When 
the catheter is retracted and the stent is released, the frame cells can expand to their final position in contact with the 

25 vascular wall approximately without any longitudinal displacement of the ends of the stent. Therefore, the introducer 
system may be of a simple design and extremely easy to operate. The only requirement Is a pusher which can be held 
in stationary contact with the end of the compressed stent nearest the insertion opening, while the catheter is retracted. 
The simple introducer system reduces the risk of erroneous positioning of the stent and is rapid in use. 
[0014] It is possible to orient the points of the hearts in an oblique angle so that they point along a helical line in the 

30 periphery of the body. In consideration of compact compression of the stent, the an-owheads or heart points preferably 
face in the longitudinal direction of the body, and the Inten^al between two neighbouring frame cells with the same 
orientation of the arrowheads or heart points consists of a frame cell with an opposite orientation of the arrowhead or 
point. The interconnection between the neighbouring cells in this design extends in the longitudinal direction of the stent. 
[0015] in a prefen-ed embodiment, the frame cells adjacent to each other in an annular row In the circumferential 

35 direction of the body have altematingly oriented arrowheads or heart points and constitute a frame pattern repeated 
along the length of the body. In this design, the interconnections between adjacent cells in one circumferential row 
extend in axial extension of the arrowheads or points in the next circumferential row, and all frame cells have the 
advantageous shape which gives the stent unifomn properties, such as uniform torsional, bending and compression 
rigidities. 

40 [001 6] The cells may extend in a helical pattern along the length of the body by both the shorter ceil sides and also 
the longer cell sides having mutually different lengths. However, in consideration of the manufacture of the stent, the 
two shorter cell sides preferably have substantially the same length, and the two longer cell sides have substantially 
the same length. 

[0017] The first angle between the two longer cell sides and facing into the cell, together with the number of cells in 
45 the circumferential direction of the body, determines the bending rigidity of the body. With the same number of cells in 
an annular row, a smaller first angle provides a greater distance between the cells in the longitudinal direction and thus 
greater bending rigidity and a more open frame structure. The first angle may be In the interval of 20-1 60^ If the first 
angle is smaller than 20» , the stent can only expand to a slightly larger diameter than the compressed state. If the first 
angle Is larger than 1 60^ very large changes In diameter may be obtained, but the number of cells In the longitudinal 
50 direction becomes unsuitably large. Thefirst angle is preferably in the interval of 60-1 20». providing an advantageously 
high flexibility combined with a suitable number of cells in the longitudinal direction. 

[001 8] Provided that said an-owheads or points do not face in the circumferential direction, the second angle between 
the two shorter cell sides and facing into the cell influences the compression rigidity of the body, the density of the 
frame structure and the extra increase of diameter to which the body may be exposed after the normal expansion to 
55 a larger diameter. Such an extra diameter increase into an over-expanded state may, for example, be very advanta- 
geous if a self-expanding stent has been inserted Into a vessel where re-stenosis occurs. Following the re-stenosis 
diagnosis, an Inflatable balloon may be inserted into the stent and inflated to a large diameter without having to remove 
the stent, the stent merely being overexpanded by the balloon, only to return to Its normal shape when the balloon is 
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removed The possibility of over-expansion can also be used at the insertion of the stent, as the stent may be positioned 
inside a hard stenosis before balloon dilation thereof. At the subsequent balloon dilation, the stent helps to keep the 
hardest stenosis area out at the desired diameter when the balloon is removed. This avoids dilation before the stent 
Is positioned At over-expansion, it is a substantial advantage that the stent does not change its length at the expansion. 

5 If the points of the heart-like or arrowhead-like frame cells face in the circumferential direction, the second angle may 
suitably be at about 1B0^ If the points face In the longitudinal direction, the second angle should be larger than 184« 
so that the shorter amis are folded into the cell at compression of the stent. If the second angle is larger than 340^ 
and the filament is not of a large diameter, compression rigidity is largely absent. Preferably, the second angle ts in the 
interval of 210-320^ which provides a suitable compression rigidity, good density of cells and a possibility of over- 

10 expansion into a substantially larger diameter. The angles are chosen taking into account the field of application con- 
cemed. The closer the second angle is to 180^ the higher is the compression rigidity of the stent, but if the angle 
becomes substantially smaller than 210^ the possibilities of over-expansion become less favourable. 
[0019] In a specially preferred embodiment, the longer cell sides and the shorter cell sides all fonn an angle of 
between lO** and ^S"* with the longitudinal direction of the body. This renders it possible to compress the stent in a 

15 simple manner, either manually or by pushing the stent through a funnel-shaped loading sheet. It is particularly advan- 
tageous tf the longer cell sides form an angle of between 40» and 45« with the longitudinal direction. 
[0020] It is possible to render the stent more bending flexible in certain areas by said first angle in the frame cells 
being smaller in one area of the body than in another area of the body. This may be used, for example, to make the 
stent more flexible in the end areas so that the transition from the stent-affected to the non-affected area of the vascular 

20 wall becomes even, whereby the vascular wall Is initated as little as possible at the stent ends, and vascular injunes 
and tissue in-growth are counteracted. This is particularly advantageous if the risk of stent migration in the vessel is 

small. . . .r+u 

[0021] It is also possible to design the stent so that said second angle in the frame cells is larger in one area of the 
body than in another area of the body, whereby the compressive strength of the stent can be varied according to desire. 
25 In case of hard stenoses, the second angle may. for example, be larger at the end areas of the body so that the stent 
exerts the largest radial pressure at its middle, and the "ends are softer and more adaptable to the vessel. It may also 
be desirable that the stent is fixed in the vessel by exerting a large contact pressure at the end areas, and in this case 
the second angle is then smaller than at the stent middle. 

[00221 >n some applications, it is desirable for the stent to have a bell or hourglass shape, which can be obtained in 
30 that at at least one end of the body the shorter and longer cell sides of the frame cells are of greater length and/or the 
frame cells have a smaller angle between the shorter cell sides than at the middle of the body, whereby the body has 
a larger diameter at the end than at the middle. 

[0023] With a view to compressing the stent to a configuration with an advantageously small extemal diameter, it 
may be advantageous that the number of wires In the stent is not too high. If the stent Is to be Inserted by means of a 

35 catheter with a small diameter, the number of frame cells in an annular row in the circumferential direction of the body 
preferably substantially con-esponds to the radius of the body measured in mm. Substantially in this context means 
that for each four mm radius, the cell number may be one more or less than the radius measure in mm. viz. one cell 
more or less for a stent having a diameter of 6 mm, two more or less for a stent having a diameter of 1 0 mm, etc. 
[0024] In a preferred embodiment, the body is fonmed by several filaments constituting the shorter and the longer 

40 cell sides and being wound about each other at the adjacent ends of the pairs of shorter or longer cell sides, preferably 
so that each filament has a stepped spiral-like or a stepped wave-like course in the longitudinal direction of the body. 
The winding together of the filaments at the adjacent ends mutually locks the frame cells, but at the same time provides 
the filaments with an advantageous possibility of bending apart from each other through opening of the windings when 
the stent is compressed radially, which reduces filament stresses at the points of interconnection. The result of the 

45 geometrical locking of the mutual position of the cells provided by the winding about is that In its compressed state the 
stent has a large axial rigidity so that it can be removed from the catheter without problems and without changes in 
length, when the catheter is retracted. In its expanded state, the winding about ensures that the stent has a stable 
shape' in which the frame cells do not slide In relation to each other at the application of extemal loads. The stent 
manufactured from filaments is relatively simple to manufacture, and the course of the filaments throughout the body 

50 can be selected so that the stent is both torsionally stable and pressure stable, for example by the filaments having a 

spiral-like or wave-shaped course. u- u ♦u tt 

[0025] Altematively, the body may be fomned from a thin-walled tube or a thin-walled piece of plate in which the cell 
openings are fashioned, preferably by etching. The frame cells are in this case fashioned in an Integral piece of material, 
which may be done by machining alone. Altematlves to chemical etching or laser etching can be spark machining. 
55 lasercutting or punching of the thin-walled material, which are well-known methods for forming holes in such a matenal. 
[0026] In case the tubular body Is formed of several filaments the tubular body may Include ceil junctions where pairs 
of filaments are twisted one turn about each other.about a twist axis extending in a first direction and at least one turn 
about each other about a second twist axis extending at an angle, preferably at approximately 90» to said first direction. 
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This manner of twisting the pairs of filaments at the cell junctions produces a kind of dual locking of the filaments with 
the result that the tubular body obtains additional stiffness at the cell junctions so that the periphery of the body maintains 
and even frame surface, also if the two ends of the body are pulled apart. This may be an advantage in case the stent 
is to be removed from the vessel after the placement therein. 
5 [0027] Examples of embodiments of the stent according to the invention will now be described in further detail below 
with reference to the very schematic drawing, in which 

Fig. 1 shows a plane view of an unfolded section of the wail in a stent according to the invention made from thin- 
walled plate material, 

10 Fig. 2 shows a corresponding view of a second embodiment of the stent, 

Fig. 3 is a view corresponding to that of Fig. 1 of the most preferred embodiment, in which the frame cells have 

the same shape as in Fig. 1 , and the stent is manufactured from several wound filaments, 

Fig. 4 is a section corresponding to that of Fig. 3 of a stent having a more dense frame structure, 

Fig. 5 is a side view of an embodiment of a whole stent according to the invention, 

15 Figs. 6 and 7 are outlines of two unfolded frame sections illustrating the effect of varying the angle between the 

two shorter frame sides, 

Figs. 8 and 9 are corresponding outlines for Illustration of the effect of varying the angle between the two longer 
frame sides, and 

Fig. 1 0 is a top view of a particular manner of winding pairs of filaments at cell junctions. 

20 

[0028] In the following description of non-limiting examples of embodinrients of the invention, the same reference 
numerals will be used for elements having the same effect in the different embodiments. 

[0029] Fig. 5 shows a stent in the fonn of a tubular body 1 fonmed of several filaments or wires bent to form heart- 
shaped frame cells 2 and wound about each other at the places where the cell filaments meet so that the frame cells 

25 are fixed to each other both in the longitudinal and the circumferential directions. 

[0030] Fig. 1 shows an example of heart-shaped frame cells 2 fashioned In a thin-walled plate made Into a tubular 
shape either before or after the fashioning. The fashioning may be done, for example, by etching or spark machining 
in a manner known in the art. Each frame cell 2 has two mutually converging longer cell sides 3 converging into a 
unified filament at the point of the heart and delimiting a first angle a facing into the cell. The frame cell also has two 

30 shorter cell sides 5 converging with each other to become unified in a point area positioned opposite the heart point 
4. The shorter cell sides delimit a second angle p facing into the cell and they are positioned opposite to the longer 
cell sides 3, with which they are connected through two side sections 7 to fomi the closed frame cell of pressure-rigid 
frame material. The length of the side sections 7 can be made larger or smaller, according to whether the cell is desired 
to be more or less open , without chan ging the sizes of the first or the second angle a, p. The shape of the side sections 

35 7 can also be varied; they may. for example, be thinner, have an hourglass shape, l-shape. 0-shape or any other 
shape, but the straight shape shown with a larger thickness than the cell sides 3 and 5 is preferred owing to Its simplicity 
and relatively high rigidity, resulting in the occun-ence of any cell defonnations mainly in the cell sides 3 and 5. The 
heart point 4 may be more rounded and the point area 6 may be more pointed or more rounded than shown. It is also 
possible to insert a connecting section between the two mutually converging cell sides so that the cell shape, for 

40 example, becomes more angular without any point areas proper. In the context of the Invention, a heart-like or arrow- 
head-like shape means a closed cell having at one end a tapering shape facing out of the cell, and at the opposite end 
a more or less tapering shape facing into the cell. 

[0031] The frame pattern is constructed in such a manner that in the circumferential direction of the body there is an 
annular row of closed frame cells 2 interconnected by the common side sections 7, and all having their points 4 oriented 

45 similarly In the longitudinal direction of the body. The longer cell sides 3 also constitute corresponding sides in an 
annular adjacent row in the longitudinal direction of the body and consisting of uniformly formed closed frame cells 
having an opposite orientation of the points 4. These two cell rows constitute a common annular row of ceils in which 
the points 4 have altematlngly opposite orientations and continue Into the common side sections in the subsequent 
row. The stent length can be adapted to the desired application by varying the number of annular rows of cells, 

50 [0032] In the preferred embodiment shown, the first angle a is about 90', and the second angle p is about 263*. This 
gives the stent advantageously uniform properties, both as to bending and to compressive strength, because the longer 
cell sides 3 and the shorter cell sides 5 all fomn an angle of about 45" with the longitudinal direction of the body. At 
radial compression of the stent, the cell sides are therefore uniformly def onmed, and the stresses are distributed evenly 
between the sides of the cell, which on expansion results in a unifomn strong unfolding of all ceils with a very low risk 

55 of erroneous unfolding and with a uniform resulting pressure influence on the vascular wall. Because the second angle 
p is smaller than the angle (360«-a) corresponding to a parallel course of the shorter and longer cell sides, the free 
distance between the point area 6 and the point 4 becomes suitably large so that on compression it can more easily 
receive the side section 7 from the subsequent frame cell of the same orientation, when it is swung backwards and 
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towards the longitudinal axis of the body. This promotes compact compression of the stent. 
[00331 The embodiment shown in Fig. 2 deviates in that some of the cells do not have the advantageous heart-like 
or arrowhead-like shape, as a number of rtiomboidal cells B are inserted in the cell pattem. This gives the stent an 
area with more open cells and substantially greater bending rigidity, which may, for example, be used for stabilising 
5 undesired large local vascular movements. Naturally, it is also possible to give individual local cells another shape. 
This may be done in a simple manner by removing one or more cell sides in a cell. 

[0034] In the embodiment of Fig. 3. the frame cells 2, the first angle a and the second angle p have the same 
dimensions as in Fig. 1 . but the body 1 is fomied by filaments bent on a mandril around guide pins 9 and wound once 
around each other at the side sections 7. Owing to the structure with filaments, the cells have more rounded shapes, 

10 and the heart-like shape may assume a heart shape. For each frame cell 2 in a circumferential row, two filaments 1 0. 
11 extend from one end of the stent, which filaments can be wound about each other as a filament end 12 or may 
continue into each other in an eyelet 1 3. From the frame cell at the end of the stent, each pair of two filaments 1 0. 11 
extends along the body in a stepped spiral-like course with opposite directions of winding, in which the filaments con- 
stitute one of the shorter cell sides 5. are wound about the corresponding filament from the neighbouring cell in the 

IS same row. continue as the longer cell side 3 in this frame cell, are wound about the second filament of this cell, continue 
as the shorter cell side 5 in the frame cell in the subsequent row. and so forth until the finish at the other end of the 
stent If at even intervals, the filament is wound one half tum more or less about the oppositely extending filament, the 
filament course is changed from spiral-like into wave-like. The appearance of the frame cells can be changed according 
to desire by changing the positions and the number of guide pins 9; the cell shape may, for example, be modified within 

20 the framework of the description for Figs. 1 and 2. Endeavours are made to ensure that the longer cell sides 3 and the 
shorter cell sides 5 have a rectilinear course as far as possible between the curves at the guide pins 9. but in practice, 
the cell sides may have an S-shaped or any other curved course. Fig. 4 shows an example of a vaned cell shape in 
which the first angle o Is about 1 20'. and the second angle p is about 253- . It is also seen that the side sections 7 are 
shorter owing to a smaller pitch In the windings. If long side sections are desired, the filaments may be wound several 

ss turns about each other. Instead of winding the filaments about each other, the interconnections between the frame 
cells may be rings or threads locking the two adjacent filaments together. A further cell shape is shown in Fig. 5. where 
the first angle a is about 70» . and the second angle is about 322«. Such a design may be advantageous If the filament 
diameter is relatively large and the filament thus less flexible. ^ , o 

[00351 In a comparison between the two embodiments shown in Figs. 6 and 7, the influence of the second angle p 

30 on the cell shape is seen when the cell width, the first angle and the length of the side sections 7 are kept unchanged 
in relation to the embodiment of Fig. 3. In Fig. 6. the second angle p is about 184°. and in Fig. 7 about 275°. In Fig. 6 
the frame structure is open, and the shorter cell sides form slightly curved, annular bands giving the body 1 a high 
pressure rigidity. In Fig. 7, the frame stmcture is very dense and enables the body to over-expand heavily. 
[00361 In a comparison between the two embodiments shown In Figs. 8 and 9. the Influence of the first angle on the 

35 cell shape is seen when the cell width, the second angle and the length of the side sections 7 are kept unchanged in 
relation to the embodiment of Fig. 3. In Fig. 8. the first angle is about 62«. while in Fig. 9 it is about 120'. in Fig. B. the 
cells have a very open structure. In Fig. 9. the structure is very dense, but the amount of wire is also large in companson 

to the length of the stent. . ^ . , » , o 

[00371 The stent material is preferably nitinol. which has excellent elastic properties and can tolerate large defomna- 
40 tions. Altematively. stainless steel, titanium, copper alloys, tantalum or other biologically compatible matenals capable 
of maintaining the expanded state inside the vessel, or mixtures of such materials may be used. If the stent is balloon- 
expanded at the positioning in the vessel, stainless steel may be just as suitable as nitinol. It is also possible to use a 
synthetic material as the stent material, such as modified butadiene or another synthetic material with good resilient 

45 [oSsr^The cross-sectional area of the cell sides is chosen on the basis of the desired diameter, desired rigidity and 
the cell shape in the stent, a larger cross-sectional area being used at larger diameters, at a larger desired ngidity and/ 
or at more open cells or lower ceil number. When the frame shape shown in Fig. 3 is used for a stent for use in the 
Iliac the stent may. for example, have a diameter of 8 mm. there may be four cells In each annular row, and the filament 
may for example, be a nitinol wire vinth a diameter of 0.16 mm. A corresponding stent can be used in bile ducts, the 

50 lumen of which is reduced by tumours or fibrosis. Stents may also be used for expanding the oesophagus in patients 
suffering from malignant dysphagia, for expanding the urinary tracts or other body vessels. A very important field of 
application is stents for expanding constrictions in blood vessels or for maintaining expanded vasoconstnctions, such 
as In hard stenoses. The below list mentions examples of applicable stent diameters, etc.. for different applications. 

55 
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Aortic aneurism 


15-30 mm 
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12-30 mm 
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Vena subclavia 


12-30 mm 


Arteriovenous shunt endoprosthetis 


6-14 mm 




TIPS (by-pass in liver) 


10-12 mm 




Urology 
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Uretal 


4-7 mm 


Urethral 


4-7 mm 


■ 


Gastro-enteroiogy 






Oesophageal 


1 8 mm at the middle 
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Biliary 


6-10 mm 


Pancreatic 


2-3 mm 




Thorax 






Bronchial 


15-20 mm 
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[0039] The filament diameter or the thicknessMidth of the cell sides is adapted to the stent diameter, the cell sides 
being given less cross-sectional area at smaller stent diameters. The filament diameter may, for example, be in the 

interval of 0.06-0.40 mm. ^ u .♦u 

[0040] When the tubular body is made of several filaments, these filaments may be wound about each other at the 
cell junctions in other manners than depitched In Fig. 3. In Fig. 1 0 the winding is made so as to produce a type of knot 
1 30. At the cell junction the two filaments 1 04 and 1 05 are twisted one tum about each other about a twist axis 1 31 
extending in a first direction and then the filaments are bend in direction of a second twist axis 132 extending at an 
angle, preferably at approximately 90«* to said first direction, and are twisted at least one tum about each other.-The 
first direction may preferably extends approximately in the circumferential direction of the tubular body and the second 
twist axis may then extend approximately in the longitudinal direction of the tubular body 

[0041 ] It is possible to supplement the stent with a covering on at least a part of the peripheral surface of the tubular 
body. The covering is impemieable to blood and may be a weave or a sheath of a suitably tight material, such as 
dacron PTFE or another suitable biocompatible material. The stent with the covering constitutes a graft which may be 
used as an artificial vessel. The use of a graft is well-known in the art and needs no further description. The stent 
according to the invention is particularly suitable for a graft because of its unifonn properties and great ability to keep 
a patent vessel lumen despite considerable bending of or localized radial pressure loads on the graft. 
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Claims 

1 . An expandable endovascular stent comprising a flexible, tubular body (1) with a longitudinal axis, the wall of which 
is fomied by interconnected, closed frame ceils (2) arranged with at least two cells adjacent to each other in the 
circumferential direction, the frame cells (2) having cell sides of elongated filament-shaped frame material capable 
of transmitting compressive forces in the axial direction of the filament, which pressure transmitting frame material 
extends continuously from one frame cell directly into the frame cell following in the longitudinal direction, which 
cell sides in. the individual frame cell (2) include at least two elongated mutually converging first cell sides, and 
which stent is expandable from a radially compressed state into a state having a larger diameter, characterized 
in that in the expanded state of the stent, opposite to said two first cell sides two mutually converging Interconnected 
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second cell sides have a point of interconnection which points in the longitudinal direction towards a point of in- 
terconnection between said two mutually converging first cell sides of said cell, that a first angle (a) between said 
first cell sides and facing into the cell is in the range of 20-1 20^ that a second angle (P) between said second cell 
sides and facing into the cell is in the range of 210-320°. and that the body is formed from a thin-walled tube or a 
5 thin-walled piece of plate in which the cell openings are fashioned. 

2. An expandable endovascular stent according to claim 1 . characterized In that cell side sections extending in the 
longitudinal direction have an hourglass shape. 

10 3. An expandable endovascular stent according to claim 1 or 2. characterized In that the interval between two 
neighbouring frame cells with the same orientation of the points (4) consists of a frame cell with an opposite ori- 
entation of the point (4). 

4. An expandable endovascular stent according to any one of claims 1 -3, characterized In that the number of frame 
15 cells in an annular row in the circumferential direction of the body substantially corresponds to the radius of the 

body measured in mm. 

5. An expandable endovascular stent according to any one of claims 1 -4, characterized In that the cell openings in 
the thin-walled tube or plate are fashioned by etching. 

20 

6. An expandable endovascular stent according to any one of claims 1-5, characterized in that the stent is self- 
expanding from the radially compressed state into the expanded state. 

7. An expandable endovascular stent according to any one of claims 1-6, characterized In that a first angle (o) 
25 between said first cell sides and facing into the cell is in the range of 60-120*. 

8. An expandable endovascular stent according to any one of claims 1-7, characterized In that the frame cells 
adjacent to each other in an annular row in the circumferential direction of the body constitute a frame pattern 
repeated along the length of the body. 

30 

9. An expandable endovascular stent according to any one of claims 1-8, characterized In that the two first cell 
sides have substantially the same length, and that the two second cell sides have substantially the same length. 

10. An expandable endovascular stent according to any one of claims 1-9, characterized In that the first cell sides 
35 are substantially parallel with the second cell sides. 

11. An expandable endovascular stent according to any one of claims 1-10, characterized in that the first cell sides 
have substantially the same length as the second cell sides. 

40 12. An expandable endovascular stent according to any one of claims 1-11. characterized In that the second cell 
sides and the first cell sides all form an angle of between 1 0* and 45«' with the longitudinal direction of the body. 

13. An expandable endovascular stent according to any one of claims 1 -12, characterized In that said first angle (a) 
• in the frame cells is smaller in one area of the body than in another area of the body. 

45 

14. An expandable endovascular stent according to any one of claims 1 -1 3, characterized in that said second angle 
(P) in the frame cells Is larger In one area of the body than In another area of the body. 

15. An expandable endovascular stent according to any one of claims 1 -14. characterized In that at at least one end 
50 of the body the first and second cell sides of the frame cells are of greater length and/or the frame cells have a 

smaller angle (P) between the second cell sides than at the middle of the body, whereby the body has a larger 
diameter at the end than at the middle. 

16. An expandable endovascular stent according to anu one of claims 1-15, characterized In that the tubular body 
55 is provided on at least part of its peripheral surface with a covering which is impermeable to blood. 




9 




10 




11 



EP 1 266 636 A2 




EP 1 266 636 A2 




14 



